Biotechnology encompasses a wide range of technologies and they can be applied for a range of different purposes, such as the genetic improvement of plant varieties and animal populations to increase their yields or efficiency; genetic characterization and conservation of genetic resources; plant or animal disease diagnosis; vaccine development; and improvement of feeds. Some of the technologies may be applied to all the food and agriculture sectors, such as the use of molecular DNA markers or genetic modification, while others are more sector-specific, such as tissue culture (in crops and forest trees), embryo transfer (livestock) or triploidization and sex-reversal (fish).
Higher productivity holds the key in the fight against rural poverty. Biotechnology promises to boost productivity and thus raise rural incomes, much in the same way that the green revolution did in large parts of Asia during the 1960s to 1980s. Productivity gains encompass essentially all factors of agricultural production. This may mean higher crop and livestock yields, lower pesticide and fertilizer applications, less demanding production techniques, higher product quality, better storage and easier processing, or enhanced methods to monitor the health of plants and animals.
One type of technology, however, has given rise to a host of concerns and questions, namely Genetically Modified Organisms (GMOs). GMOs are those organisms that have been modified by the application of recombinant DNA technology or genetic engineering, a technique used for altering a living organism's genetic material. With the rapid advances in biotechnology, a number of genetically modified (GM) crops or transgenic crops carrying novel traits have been developed and released for commercial agriculture production. These include, inter alia, pest resistant cotton, maize, canola (mainly Bt or Bacillus thuringiensis), herbicide glyphosate resistant soybean, cotton and viral disease resistant potatoes, papaya and squash. In addition, various transgenic crops are under development and not yet commercially released with traits for biofortification, phytoremediation and production of pharmaceuticals, such as rice with high level of carotenoid for production of Vitamin A (e.g. golden rice) and bananas with vaccines.
Commercial cultivation of transgenic crops started in the early 1990s. Herbicide tolerance and insect resistance are the main GM traits that are currently under commercial cultivation, and the main crops are: soybean, maize, canola and cotton. GM crops are now commercially planted on about 100 million hectares in some 22 developed and developing countries. Argentina, Brazil, China and India are the largest developing-country producers of transgenic crops. The choice of GM crops varies among the developing countries, with insect resistant cotton being the most important commercially produced transgenic crop in Asian and African countries, while herbicide-resistant soybean followed by insect-resistant corn is predominant in the Latin American continent. In most cases these GM technologies are proprietary, developed by the private sector and released for commercial production through licensing agreements. Cultivation and commercial production of GM crops are capital intensive owing to high costs of seed and technology. Nevertheless, their cultivation has generally increased, mainly because of the benefits accrued from lower labour and production costs, reduction in use of chemical inputs and improved economic gain. The United States of America, Argentina and Canada are the major producers and exporters of GM crops and products. The four main global GM crops are among the major commodities traded on world markets.
The increasing cultivation of GM crops has raised a wide range of concerns with respect to food safety, environmental effects and socio-economic issues. From the food and health perspective, the main concerns are related to possible toxicity and allergenicity of GM foods and products. Concerns about environmental risks include the impact of introgression of the transgenes into the natural landscape, impact of gene flow, effect on nontarget organisms, evolution of pest resistance and loss of biodiversity. Adoption of GM technologies has also evoked a range of social and ethical concerns about restricting access to genetic resources and new technologies, loss of traditions (such as saving seeds), private sector monopoly and loss of income of resource-poor farmers. The scientific evidence concerning the environmental and health impacts of GMOs is still emerging, but so far there is no conclusive information on the definitive negative impacts of GMOs on health or the environment. Nevertheless, public perceptions about GMOs in food and agriculture are divided with a tendency toward avoiding GM food and products in many developed and developing countries.
Regarding international agreements, the Cartagena Protocol on Biosafety came into force in 2003, and by October 2011 has been ratified by 161 countries. The objective of the Protocol, as stated "is to contribute to ensuring an adequate level of protection in the field of the safe transfer, handling and use of living modified organisms resulting from modern biotechnology that may have adverse effects on the conservation and sustainable use of biological diversity, taking also into account risks to human health, and specifically focusing on transboundary movements". In a host of countries, it is also mandatory to label products that use GM ingredients. As a consequence, GM and non-GM crops must be kept separate, but as the area cultivated with GM varieties increases, this task is becoming more difficult and costly.
Agriculture is playing an increasingly important role in the bio-based economy, providing feedstocks for the production of liquid fuels, chemicals and advanced materials such as natural fibre composites for industry. The emergence of green industries provides expanded opportunities for the rural sector beyond traditional forestry and the supply of wood. Biological science has the ability to make both incremental efficiency improvements and to bring about radical change in a wide range of sectors. This includes enzymes, fermentation and organisms for processes and products in the energy, chemical, pharmaceutical, food, textile, and pulp and paper industries.
Above all, biological and material science working with agriculture has the greatest potential in the energy, natural fibre composite and starch sectors. Much of this potential is already being realized, especially when considering the rapid growth of the biofuel sector. Currently, ethanol is being produced from easily fermentable agricultural feedstocks such as sugar cane, sugar beet, cereal grains and cassava. Biodiesel is produced from vegetable oil (typically rapeseed, soybean and palm oil) using a process of chemical modification. The expansion of liquid biofuels has been rapid -doubling 68.3 million tonnes in 2006 to 130 million tonnes in 2011, currently drawing upon feedstocks from over 45 million ha of land.
The emerging bio-based economy is based on energy efficiency, renewable feed stocks in polymer products, industrial processes that reduce carbon emissions and recyclable materials. Natural fibres exemplify these attributes. For example, growing one tonne of jute fibre requires less than 10 percent of the energy used for the production of competing polypropylene. Sisal processing produces residues that can be used in biocomposites for building houses or to generate electricity. At the end of their life cycle, natural fibres are 100 percent biodegradable.
Natural fibres have intrinsic properties -mechanical strength, low weight and low cost -that have made them particularly attractive to the automobile industry. Car manufacturers are using abaca, flax and hemp in press-moulded thermoplastic panels for interior components. The low density of plant fibres also reduces vehicle weight, which cuts fuel consumption. Worldwide, the construction industry is moving to natural fibres for a range of products, including light structural walls, insulation materials, floor and wall coverings, and roofing. Among recent innovations are cement blocks reinforced with sisal fibre now being manufactured in Tanzania and Brazil. In India, a growing shortage of timber for the construction industry has spurred development of composite board made from jute veneer and coir ply, whose high lignin content has been shown to make it both stronger and more resistant to rotting than teak. In Europe, hemp fibres are being used in cement and to make particle boards half the weight of wood-based boards. Geotextiles are another promising outlet for natural fibre producers. Made from hard natural fibres, they strengthen earthworks and encourage the growth of plants and trees, which provide further reinforcement.
The starch industry extracts starch from cereals and roots and tubers and processes it into products that are used as ingredients and functional supplements in food, feed and non-food applications. There are more than 600 different starches and starch derivatives, ranging from native starches to physically or chemically modified starches, liquid and solid sugars. The starch industry uses enzymatic technologies for hydrolysis that are playing a pivotal role in the development of green chemistry as an alternative to fossil-fuel-based products. For instance, in the chemical sector, starch is used for the production of surfactants, polyurethane, resins, biodegradable plastics and pharmaceuticals. When fermented, starches are used in the production of citric acid, lactic acid, amino acids, organic acids, enzymes, yeast and ethanol. Other bio-based applications involving starch products include binders, solvents, biopesticides and lubricants.
The sustainability of a rapidly growing agricultural biobased economy, especially one reliant on liquid fuels, has generated the "food versus fuel" debate. The links between bio-industries and food security are complex and multi-faceted. Ensuring the sustainable development of bio sectors becomes challenging when one tries to capture its potential benefits for rural development, climate and non-food security. For instance, the rapid growth and sheer scale of the biofuel sector has potentially negative implications for all four dimensions of food security (availability, access, stability and utilization) as it may result in increased competition for land and water resources, leading to higher and less stable food prices. At the same time, however, it may create new employment, income-generating opportunities and investment in production technologies, especially in countries with abundant marginal land and climates conducive to feedstock production, where such land would be too costly to bring into food cultivation. Such opportunities exist, for example, in countries of Latin America, South-East Asia and sub-Saharan Africa.
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